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ticle	morphology	 (e.g.,	 area,	 roundness)	 and	number	of	 fat	particles	 from	15	digital	









which	 is	 visible	 when	 the	 product	 is	 sliced.	 Among	 dry	 fermented	
sausages,	approximately	one	hundred	varieties	of	Italian	salami	have	
been	 described,	 even	 if	 many	 of	 them	 are	 not	 industrial	 products	
(Conter	et	al.,	2007).	The	wide	variety	of	dry	 fermented	sausages	 in	
Italy	 is	due	 to	variations	 in	 raw	material,	 formulation,	 and	manufac-
turing	processes	which	come	from	the	traditional	habits	of	different	







sory	 quality	 and	 commercial	 value.	 In	 particular,	 appearance,	meant	
as	color	and	visible	fat	content,	is	a	very	important	criterion	in	choos-
ing	 and	 buying	 meat	 and	 meat	 products	 (Dransfield	 et	al.,	 2005;	
Fortomaris	et	al.,	2006).	Sliced	salami	is	mostly	packaged	in	modified	
atmospheres	 and	 displayed	 under	 light	 either	 in	 chill	 cabinets	 or	 at	
room	temperatures	(Sørheim,	Måge,	&	Larsen,	2017).	They	are	widely	
produced	 in	 Europe	 and	other	 parts	 of	 the	world.	The	 ratio	 of	visi-
ble	fat	in	salami	is	an	important	discriminating	factor	on	purchase	be-
cause	this	product	usually	has	a	high-	fat	content	(Girolami,	Napolitano,	





Monin,	 Talmant,	 Mourot,	 &	 Lebret,	 1999;	 AMSA,	 2001;	 Mòrlein,	
Rosner,	Brand,	Jenderka,	&	Wicke,	2005;	Fongaro	et	al.,	2015).
One	of	the	proved	methods	for	objective	assessment	of	the	fat	
level	 is	 chemical	 analysis.	 The	AOAC	 protocol	 (1991)	 is	 commonly	
used	to	extract	and	quantify	the	fat	content	by	ether.	Such	method	
is	 reliable,	 but	 slow,	 tedious,	 relatively	 costly,	 destructive,	 environ-
mentally	harmful,	and	unable	to	provide	the	information	of	size	and	
spatial	distribution	of	fat	particles.	Although	the	total	quantity	of	fat	
2  |     ROMANO et Al.
is	important,	the	size	and	distribution	may	also	be	relevant	with	meat	
quality	(Ferguson,	2004).	In	fact,	the	appearance	of	products	unities	
is	 a	 primary	 criterion	 in	making	 purchasing	 decisions	 (Kays,	 1991).	
Consumers	 select	 their	 foods	 in	 the	 supermarket	 primarily	 based	
on	 visual	 perception	 and	 often	 this	 is	 the	 only	 direct	 information	
received	from	the	product.	Digital	vision	systems	are	a	very	current	












ysis	 is	 implemented	 to	 characterize	 an	 object	 or	 a	 surface	 on	 the	
visualized	 image,	 in	 particular	 by	 analyzing	 the	 texture.	 The	 image	
analysis	is	a	nondestructive	procedure	which	has	been	in	use	for	some	
years	 in	 the	meat	 industry	 to	 evaluate	meat	 quality,	 including	 color	
measurement	 of	 pork	 meat	 (Chmiel,	 Słowiński,	 &	 Dasiewicz,	 2011;	
O’Sullivan	et	al.,	 2003)	 and	 the	content	of	 intramuscular	 fat	 in	pork	
















The	 performance	 of	 the	 proposed	 protocol	was	verified	 by	 cor-
relation	 analysis	 between	 the	visible	 fat	 content	obtained	by	digital	
system	and	 the	percentage	of	 chemically	 extractable	 fat	 content	 of	
sliced	salami.
2  | MATERIALS AND METHODS
2.1 | Samples
The	study	was	carried	out	on	48	commercial	Italian	dry-	cured	salami	









for	 a	 period	 of	 3	days.	Drying	was	 done	 in	 drying	 chambers	with	
controlled	 microclimatic	 conditions	 (air	 circulation—10–20	cm/s;	





Three	different	 test	 production	 runs	were	obtained	 from	each	
manufacturer	(A–P)	at	the	end	of	ripening	(3	independent	produc-
tion	 runs×16	 manufacturers).	 All	 Italian	 salami	 (48)	 were	 chilled	
to	 4°C	 before	 slicing.	 Salami	were	 cut	 at	 20°C	using	 an	 electrical	
knife.	Five	salami	slices	(thickness=2	mm)	were	taken	from	the	mid-





The	 salami	 slices	were	 photographed	 by	means	 of	 a	 digital	 camera	
(Olympus®	C-	7070Wide	ZOOM,	Milan,	 Italy)	placed	on	the	top	of	a	
black	box	with	four	 light	 lamps	(LED	G13,	Philips,	 Italy)	at	standard-
ized	conditions	(20	W,	3,000	K,	fixed	light	distribution).	The	distance	
between	the	light	source	and	the	bottom	plate	was	fixed	(45	cm).
Fifteen	2D	 images	 for	each	 salami	 samples	 (A–P)	were	acquired	
immediately	after	slicing	for	a	total	of	240	images.	The	images	were	










counted	 (n);	 area	 salami	 slice	 (As);	 fat	particle	 area	 (AFi);	 fat	particle	
roundness	(RFi):
where	AFi is the area of the i
th	 fat	 particle	 and	Pi is the measured 
perimeter	of	the	 ith	fat	particle.	The	roundness	calculates	the	circu-
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Samples	are	characterized	and	classified	by	statistical	parameters	

















cal	 parameter	 in	 salami.	 To	 decide	 the	 number	 of	 principal	 compo-
nents	(PCs),	the	eigenvalues	of	the	correlation	matrix,	 indicating	the	
percentage	of	 variability	 explained	by	 each	 component,	were	 tabu-
lated	and	a	scree	plot	was	constructed.
3  | RESULTS AND DISCUSSION
3.1 | Image analysis
Representative	2D	 images	of	salami	samples	are	shown	 in	Figure	1.	
Fat	 particles	 can	 be	 distinguished	 as	white	 spots	 embedded	 in	 red	







allowed	 a	 precise	 qualitative	 and	 quantitative	 analysis,	 but	 in	 order	
to	discriminate	and	evaluate	fat	particles	from	salami	slices,	a	digital	
image	 analysis	 procedure	 (Figure	2)	 must	 be	 carried	 out	 on	 images	
of	samples	 (Figure	1a).	 It	was	hypothesized	that	physical	parameters	
remain	constant	on	the	salami	length,	that	is	the	salami	slice	was	rep-









The	 fat	 particle	 area	 distribution	 analysis	was	 also	 carried	 out	
counting	the	percentages	of	fat	particles	falling	into	ten	predefined	
area	classes.	In	order	to	characterize	the	fat	particle	morphology	of	
salami	 slice,	 the	 fat	 particle	 size	 distributions	were	 calculated	 for	
all	 slices.	 Figure	3	 shows	 for	 a	 representative	 sample	 (E)	 the	 fre-
quency	distribution	of	 fat	particles	area.	These	statistical	analyses	
provide	 supplementary	 evidence	 supporting	 the	 view	 that	 digital	
image	can	help	 in	analyzing	 the	appearance	of	 fat	particles	 in	 the	
salami	 slices.	The	 image	 analysis	 procedure	 can	 detect	 very	 small	
particles,	depending	on	the	detection	range	of	the	software	used	to	
obtain	results,	here	it	recognizes	both	smaller	(0–0.1	cm2)	and	larger	






salami	were	packed	 into	 the	casings	as	 firmly	as	possible	 to	avoid	
air	pockets.
Results	 of	 the	 object	 analysis	 of	 fat	 particles	 are	 illustrated	 in	
Table	1.	Samples	can	be	characterized	by	count	of	fat	particles	and	
total	 fat	 area	per	unit	 area,	 statistical	parameters	of	 area	 (AFi)	 and	
roundness	 (RFi)	 of	 fat	 particles	 (Table	1).	 Significant	 differences	





wide	variations	 in	 the	values	 for	all	examined	samples.	 In	particular,	








Results	 of	 image	 analysis	 also	 showed	 significant	 differences	




why	 particle	 extraction	 is	 not	 easy	 for	 digital	 image	 analysis	 and	





agree	 with	 visual	 characteristics	 of	 pork	 fat	 used	 as	 ingredient,	
which	was	cut	by	means	of	a	meat	grinder	(10–12	mm).	The	highest	
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F IGURE  2  Image	of	salami	slice	(a)	and	
processed	image	of	salami	slice	(b)
(a) (b)
























samples	 (Trials	A–P),	 factorial	 PCA	was	 applied	 to	 the	 experimental	
data.	Figure	4a,b	show	plots	of	loadings	and	scores	obtained	from	PCs,	
where	the	first	two	principal	components	 (PC1	and	PC2)	accounted	

























Samples n/As AFi (cm
2) AFimax (cm
2) RFi RFimax V FC (%)
A 1.44±0.2cd 0.085±0.01ab 0.81±0.5ab 1.50±0.5a 6.16±1.7bc 11.84±1.2b
B 1.10±0.2a 0.133±0.02fg 0.75±0.2a 1.79±0.3b 4.41±1.1ab 11.37±1.1b
C 0.99±0.2a 0.174±0.02e 1.25±0.0bc 2.03±0.3c 4.77±0.7ab 14.30±0.9cd
D 1.19±0.1ab 0.084±0.01a 0.83±0.4ab 1.72±0.0a 3.89±0.3a 8.74±1.0a
E 1.42±0.2c 0.083±0.00a 0.69±0.0a 1.90±0.1b 4.75±0.5ab 11.56±1.5b
F 1.30±0.1b 0.135±0.03fg 1.19±0.4bc 1.92±0.0bc 4.73±0.2ab 15.64±1.0d
G 1.38±0.2c 0.122±0.02ef 1.01±0.5b 1.93±0.1bc 4.48±0.5ab 14.11±1.1cd
H 1.54±0.6d 0.089±0.01b 1.19±0.3bc 2.08±0.1c 7.90±0.1d 11.33±0.2b
I 1.76±0.2e 0.075±0.01a 0.90±0.3ab 2.00±0.1c 6.41±0.0c 13.05±2.1bc
J 1.14±0.2ab 0.099±0.01bc 0.68±0.2a 1.86±0.2b 4.91±1.4b 9.75±0.6a
K 1.41±0.2c 0.112±0.01cd 1.60±0.2d 2.05±0.1c 6.18±0.5bc 15.60±1.5d
L 1.45±0.4cd 0.085±0.01ab 0.82±0.2ab 1.89±0.1b 5.53±1.3b 12.03±0.8b
M 1.40±0.2c 0.123±0.01ef 0.91±0.1ab 1.97±0.1c 5.22±0.3b 15.33±1.8d
N 1.29±0.1b 0.118±0.03de 1.03±0.2b 2.06±0.1c 5.71±1.2bc 14.44±0.7cd
O 1.87±0.2e 0.138±0.01g 1.33±0.3c 2.05±0.1c 6.32±1.1c 18.52±0.3e
P 1.68±0.4de 0.095±0.01c 1.20±0.3bc 2.08±0.1c 7.91±0.1d 14.46±1.6cd
Means	with	a	column	with	different	letters	are	significantly	different	(Duncan’s	test	p<.05).
V	FC,	visible	fat	content.
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